Smith--Lemli--Opitz\'s syndrome (SLOS) is an autosomal recessive condition characterized by multiple congenital anomalies and intellectual disability. It is caused by a mutation in DHCR7 (11q12--13), which codes for 7-dehydrocholesterol (7-DHC) reductase. There is a discrepancy between the expected incidence of SLOS based on carrier frequency and the observed incidence of disease. The observed incidence is 1/26,500, contrasted with an expected rate of 1/3,906. [@JR190068-1] [@JR190068-2] This may be explained by one of two possibilities: undiagnosed disease presenting with a mild clinical phenotype or a higher rate of pregnancy loss in affected embryos. While the clinical presentation of SLOS is well studied, little is known regarding the likelihood of pregnancy loss in affected fetuses.

Here, we describe a couple who was evaluated for recurrent pregnancy loss (RPL) and were each found to be carriers of SLOS mutations. We will explore SLOS carrier status as a potential explanation for poor reproductive outcomes as well as how expanded carrier screening (ECS) both diagnosed and helped dictate management.

Case Presentation
=================

The patient is a 35-year-old gravida 5, para 2-0-3-2, who presented for genetic counseling after three first trimester miscarriages and two healthy children. Chromosome analysis was not available for the first two losses, as studies were never initiated and there was no longer available tissue for DNA extraction and molecular testing. Tissue was obtained from the third loss and microarray analysis was performed, which confirmed normal male pattern. At this point, the patient and her husband were considering assisted reproduction with in vitro fertilization (IVF) for the purpose of preimplantation genetic testing. Prior to their first cycle, they were offered ECS.

Both the patient and her husband were then found to be carriers for SLOS. The patient was found to carry a mutation associated with a severe phenotype (DHCR7: c.964-1G \> C), while her husband had a mutation with a milder phenotype (DHCR7: c.976G \> T). [@JR190068-1] With this new information, targeted DNA testing of the fetal remains of the third loss was performed for the specific parental mutations. The fetus was found to be positive for both the paternal and maternal mutations, resulting in an affected embryo.

Based on this new information, the couple was subsequently counseled regarding their reproductive options including IVF for the purpose of preimplantation genetic testing for the SLOS mutations or spontaneous conception with invasive prenatal diagnostic testing. The couple verbalized that they would terminate if they had an affected fetus, and therefore, opted to pursue spontaneous conception and earlier testing with chorionic villus sampling (CVS). The CVS results confirmed a fetal karyotype 46,XY and was negative for both parental SLOS mutations, and they went on to have a healthy son ( [Fig. 1](#FI190068-1){ref-type="fig"} ).
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Discussion
==========

This case suggests a possible link between embryonic SLOS and pregnancy loss. Additional case reports have suggested that first trimester loss can occur in pregnancies with severe phenotypes. [@JR190068-3] Early loss of these affected pregnancies would help explain the difference between expected and observed incidence of disease.

Smith-Lemli-Opitz can present with a wide variety of phenotypes ranging from intellectual disability, dysmorphic facies to lethal multiorgan anomalies, such as holoprosencephaly. It is theorized that the normal function of 7-DHC reductase is to promote autoproteolysis and covalent bonding of sonic hedgehog protein and cholesterol, forming an active cholesterol product. SLOS mutations interfere with normal enzymatic function of 7-DHC reductase, resulting in abnormal or modified sonic hedgehog protein. This can lead to holoprosencephaly and other malformations. [@JR190068-4]

Prenatal diagnosis of SLOS is challenging due to the variation in phenotypic presentation. When multiple anomalies are identified on ultrasound, further testing for this disorder should be offered if the patient desires invasive testing. Generally, SLOS may be considered in the differential diagnosis when anomalies are seen on ultrasound and a normal fetal karyotype is established. However, most cases of prenatal diagnosis for SLOS are prompted after the couple already has one affected child. Fetal testing can be done via CVS or amniocentesis for either DNA testing for the known familial mutations or for biochemical analysis. Almost all tissues of an affected fetus will demonstrate elevation is 7-DHC. [@JR190068-5]

At this institution, in patients who experience RPL, karyotype is performed on available tissue with reflex to microarray if the karyotype is normal. Karyotyping of the parents and microarray of the products of conception are important components of the RPL work-up. [@JR190068-6] This case demonstrates that in addition to these studies, ECS may be beneficial in the RPL work-up. Furthermore, the information obtained from ECS can be vital in counseling on future reproductive expectations and utility of assisted reproductive technologies.

With widespread use of ECS, we may identify more individuals at risk for affected pregnancies prior to conception. Before the availability of ECS, carrier testing was limited to disorders in specific ethnicities due to a higher founder mutation rate. Individuals with a family history of a specific disease were offered carrier testing. However, the majority of affected children are born to couples with no previous family history. [@JR190068-5] [@JR190068-7] The American College of Obstetricians and Gynecologists now recommends that OB/GYNs and genetic counselors offer ECS to all patients in the preconception or prenatal period. In an increasingly global era, ECS could be used as an important tool to elucidate the carrier status of couples with RPL and this is perhaps another indication to offer it.

Interestingly, no research has been done regarding RPL as an indication for ECS. This case shows that there may be potential benefit in identifying couples who are carriers for recessive mutations that can result in lethal phenotypes, such as SLOS. As we continue to universally offer ECS in this genomic era, more data will become available to investigate the utility of ECS for the RPL work-up.
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